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METHODOLOGY FOR CONTROL OF SHORT CHANNEL EFFECTS 

IN MOS TRANSISTORS 

[0001] This is a divisional application of Serial No, 09/342,030 filed June 28, 

1999 that is currently pending. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] A method of improving short channel effects is described. More 

particularly, the present invention involves the use of implants in the channel region of an 
MOS transistor to inhibit the lines of force from extending from the source to the drain of 
an MOS transistor. 
Related AppUcations 

[0003] Applications related to the present invention include: "Method of 

Increasing the Mobility of MOS Transistors by Use of Localized Stress Regions", Serial 
No. 09/340,583 filed June 28, 1999; "Technique to Obtain Increased Channel Mobilities 
in NMOS Transistors by Gate Electrode Engineering", Serial No. 09/340,950, filed June 
28, 1999; and "Method for Reduced Capacitance Interconnect System Using Gaseous 
Implants into the ILD", Serial No. 09/344,918, filed June 28, 1999. Each of the related 
applications hsted above has been assigned to the Assignee of the present invention. 
Description of Related Art 

[0004] Figure 1 is a side cross-sectional view of an NMOS transistor 10 known in 

the art. A conventional trmsistor 10 generally includes a semiconductor generally 
comprising a siUcon layer 16 having a source 20 and a drain 18 separated by a channel 
region 22. A thin oxide layer 14 separates a gate 12, generally comprising polysilicon, 
from the channel region 22. In the device 10 illustrated in Figure 1, the source 20 and 
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drain 18 are n+ regions having been doped by arsenic or phosphorous. The channel 
region 22 is generally boron doped. (Note that for both the source 20 and drain 18 
regions and the channel region 22 other materials may also be used.) Fabrication of a 
transistor such as the device 10 illustrated in Figure 1 is well-known in the art and will 
not be discussed in detail herein. 

[0005] The speed or velocity (v) of the current through the channel region 22 is a 

function of the mobility (ix) of the channel region, as expressed by the formula y=\xE 
wherein E represents the electric field across the channel region 22, Because E is 
generally a constant value, the higher the carrier mobility of a device the faster the 
device can function. As the demand for faster devices continually grows in the industry, 
the desire for a device having an increased mobihty also increases. Thus, a method for 
fabricating a device having an increased carrier mobility would be desirable. 
[0006] Another issue that arises when dealing with transistors of the present art 

involves current leakage &om the source to the drain. One of the limiting factors in the 
scaling of transistors to smaller dimensions is the inability of the gate to fully control the 
channel region. As the source and drain junctions approach one another, the lines of 
force resulting firom the potential applied to the drain terminate on the source junction, 
causing Drain-hiduced Barrier Lowering (DIBL), This DIBL results in leakage current 
between the source and drain, and at short enough channel lengths, results in failure of the 
device. Thus, a method of reducing current leakage would allow for the fabrication of 
transistors fabricated on a smaller scale. 
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SUMMARY OF THE INVENTION 

[0007] A method of reducing short channel effects in a transistor is described. 

First, a substance is implanted in a substrate. The substrate is then annealed such that the 
implanted substance forms at least one void in the substrate. Then, a transistor having a 
source, a drain, and a channel region is formed on the substrate, wherein the at least one 
void is in the channel region of the transistor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention is further described by way of example with reference to the 

accompanying drawings, wherein: 

Figure 1 is a side cross-sectional view of an NMOS transistor known in the art. 
Figure 2A is a side cross-sectional view of an MOS transistor under tensile stress. 
Figure 2B is a side cross-sectional view of an MOS transistor under compressive 

stress. 

Figure 3 A is a graph illustrating the percent change in mobility of a transistor as a 
ftmction of stress for an NMOS transistor. 

Figure 3B is a graph illustrating the percent change in mobility of a transistor as a 
function of stress for a PMOS transistor. 

Figure 4 is a side cross-sectional view of a substrate having gaseous implants. 
Figure 5 is a side cross-sectional view of a substrate with a mask wherein the 
channel region of an NMOS device to be formed is exposed. 

Figure 6 is a side cross-sectional view of the substrate of Figure 5 undergoing 
gaseous implantation. 

Figure 7 is a side cross-sectional view of the NMOS device of Figures 5 and 6 
with voids in the channel region creating a tensile stress. 

Figure 8 is a side cross-sectional view of a substrate with a mask wherein the 
source and drain regions of a PMOS device to be formed are exposed. 

Figure 9 is a side cross-sectional view of the substrate of Figure 8 undergoing 
gaseous implantation. 

Figure 10 is a side cross-sectional view of the PMOS device of Figures 8 and 9 
with voids in the source and drain regions creating a compressive stress. 
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Figure 1 1 is a side cross-sectional view of an MOS device having NMOS devices 
under tensile stress and PMOS devices under compressive stress. 

Figure 12 is a side cross-sectional view of an MOS device having a graded stress 
effect created by the presence of voids in the source region. 

Figure 13 is a side cross-sectional view of an NMOS device fabricated using 
conventional methods known in the art. 

Figure 14 is a side cross-sectional view of the NMOS device of Figure 13 with a 
mask leaving solely the gate exposed. 

Figure 15 is a side cross-sectional view of the NMOS device of Figure 14 during 
gaseous implantation. 

Figure 16 is a side cross-sectional view of the NMOS device of Figure 15 with 
gaseous implants in the gate creating a tensile stress in the device. 

Figure 17 is a side cross-sectional view of an MOS device with a void in the 
channel region acting as a barrier to reduce current leakage. 

Figure 18 is a side cross-sectional view of an MOS device with a plurality of 
voids near the source and drain regions along the outer portion of the channel that act as a 
barrier to reduce current leakage. 
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DETAILED DESCRIPTION 

[0009] A method of improving short channel effects in transistors through use of 

implants is described. In the following description, numerous specific details are set forth 
such as specific materials, process parameters, dimensions, etc. in order to provide a 
thorough understanding of the present invention. It will be obvious, however, to one 
skilled in the art that these specific details need not be employed to practice the present 
invention. In other instances, well-known materials or methods have not been described 
in detail in order to avoid unnecessarily obscuring the present invention. 
[0010] One method of varying the carrier mobiUty of a transistor is by varying the 
bandgap. As the bandgap of a device decreases, the carrier mobility of the device 
increases. Likewise, as the bandgap of a device increases, the carrier mobility of the 
device decreases. Variation of the bandgap and hence variation of the carrier mobility of 
a transistor may be achieved by creating localized stresses across the different regions 
(i.e., source, drain, channel, and gate) of a transistor. Localized stresses in a substrate 
cause deformation of the substrate, which affects the size of the bandgap. It has been 
known for some time that in NMOS transistors, tensile (compressive) stresses cause 
increases (decreases) in mobility due to the sensitivity of the bandgap to stresses. 
Similarly, PMOS transistors show increases (decreases) in mobility due to compressive 
(tensile) stress. This change in mobihty of a device arises due to energy level changes in 
the valance band caused by these stresses. 

[0011] Figure 2A illustrates the NMOS transistor 10 (see Figure 1) when a tensile 
stress is appUed. The narrower channel region 24 results in a smaller bandgap and hence 
results an increased mobility. Figure 2B illustrates the NMOS transistor 10 (see Figure 1) 
when a compressive stress is applied. The larger channel region 26 results in a larger 
bandgap and hence a decreased mobility. Note that in both Figures 2A and 2B the 
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amount of localized stress has been greatly exaggerated for illustrative purposes only. 
Figures 3A and 3B illustrate the dependence of a device's carrier mobility on the 
mechanical stress applied to the device. Figure 3A illustrates this dependence for an 
NMOS device and Figure 3B illustrates this dependence for a PMOS device. As 
illustrated in Figures 3A and 3B, the dependence of a device's mobility on stress has been 
quantified, wherein changes in mechanical stress of the order of approximately 100 MPa 
can result in mobility changes of the order of approximately 4%. 
[0012] One method of creating locahzed stresses in a semiconductor is through the 
implantation of a substance (e.g. a gas) into the silicon substrate. The implantation of 
gaseous substances into the substrate results in the formation of voids (also referred to as 
cavities, openings, or bubbles) within the substrate, as illustrated in Figure 4. As the 
substrate undergoes subsequent processing, the imptoted gaseous substance generally 
migrates or diffuses of the substrate, leaving behind a void in the substrate. 
[0013] A method of forming voids in a region of a substrate to modify the 
localized stresses of the region such that the carrier mobihty of a device fabricated on the 
substrate is also modified is described herein. By introducing a void in the substrate of a 
device, the substrate is strained such that it bends the band and in bending the band 
changes the mobility of the carriers. Recall from the previous discussion above, the 
carrier mobility of a device is representative of an electron's ability to move through the 
channel region of a device under a given field. 

[0014] The voids of the present invention may be implanted into the substrate 
before, during, or after the formation of a device on the substrate. In one embodiment, 
however, the voids are implanted into a substrate prior to the formation of a device on the 
substrate. The substance to be implanted into the substrate may be any one of or a 
combination of several different gases, including but not limited to the noble gases. 
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Oxygen or other implanted ions may also be used in reaction to alter the internal region of 
the substrate by way of specific volume or thermal expansion differences (e.g., oxidized 
voids). In one embodiment of the present invention, helium is the gaseous substance 
implanted into the substrate of the to-be-formed device. For illustrative purposes only, 
the following embodiments of the present invention will be discussed with use of helium- 
formed voids. 

[0015] The implantation of voids into a substrate is known and will not be 
discussed in detail herein. Thus, a conventional implanter may be used to implant the 
substance into the substrate. In one embodiment of the present invention, the 
implantation is performed at an energy of approximately 30 keV (kilo electron volts) and 
a dosage of approximately 10^^ to 10^^ atoms/cml In this embodiment, the depth of the 
implantation into the substrate is approximately 2000 A. Note that the depth of the 
implantation is controlled by the energy of the implant and may be modified as required 
by the size of a given device. 

[0016] As the substance is introduced into the substrate, damage is caused by the 

substance to the substrate causing an amorphization of the lattice at the implant depth. 
The damage to the substrate may include vacancies, interstitials, dislocations, stacking 
faults, etc.. As the substrate is annealed at approximately 400-500° C and for 
approximately 30 seconds, the damage to the substrate begins to anneal away and the 
formation of voids in the substrate begins, hi one embodiment of the present invention, 
the voids are approximately 10-20 nm wide when annealed at approximately 600*" C. As 
the annealing temperature increases, the smaller voids become smaller and eventually 
disappear, and the larger voids become larger. For example, in one embodiment of the 
present invention, the remaining voids are approximately 50 nm when annealed at 
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approximately 1100"^ C. These voids can cause localized stresses of approximately 1 
GPa. 

[0017] In one embodiment of the present invention, helium-fonned voids are 
implanted in the channel region of an NMOS device as illustrated in Figures 5-7. First, a 
mask 52 is formed on a substrate 50 using conventional photoresist techniques, such that 
the region of the substrate 50 that will eventually be the channel region of NMOS device 
is exposed (see Figure 5). Then, helium is implanted to form voids 56 in the exposed 
region following the above described process and as illustrated in Figure 6. Once the 
helium has been implanted, the mask 52 is removed and an NMOS device 64 shown in 
Figure 7 is formed on the substrate 50 having a source 58, a drain 60, and a gate 62 with a 
channel region 59 under a localized stress. The resulting NMOS device 64 thus has an 
increased carrier mobility due to the tensile stresses on the device. 
[0018] In a second embodiment of the present invention, a similar procedure is 
followed to create a PMOS device having helium-formed voids in the source and drain 
regions of the device, as illustrated in Figures 8-10. First, a mask 82 is formed on a 
substrate 80 using conventional photoresist techniques, such that the regions of the 
substrate 80 that will eventually be the source and drain of a PMOS device are exposed 
(see Figure 8). Then, helium is implanted to form voids 86 in the exposed region 
following the above described process and as illustrated in Figure 9. Once the voids 96 
have been formed, the mask 82 is removed and a PMOS device 94 is formed on the 
substrate 80 having a source 88, a drain 90, a gate 92, and a channel region 89. The 
source 88 and drain region 90 are now under a localized stress resulting in a PMOS 
device 94 having an increased carrier mobiUty due to the compressive stresses on the 
device. 
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[0019] As discussed above, NMOS devices have an increased carrier mobility 
when placed under a tensile stress and PMOS devices have an increased carrier mobility 
when placed under a compressive stress. A problem arises when the entire substrate is 
put under a tensile (compressive) stress, since the NMOS (PMOS) device's mobility will 
increase while the PMOS (NMOS) device's mobility will decrease. Thus, a third 
embodiment of the present invention involves placing the portion of a substrate to be used 
in an NMOS device under a tensile stress. This causes the remaining portion of the 
substrate, the portion to be used as a PMOS device, to be under a compressive stress. In 
this manner, the carrier mobility of both types of MOS devices may be increased even 
when formed from a single substrate. Figure 11 illustrates a device 100 containing both 
NMOS devices 102 and PMOS devices 104. Voids are formed in the chaimel region of 
the NMOS devices 102. The voids create locaUzed stresses such that the NMOS devices 
102 are under a tensile stress and the PMOS devices 104 are under a compressive stress. 
Thus, both types of devices 102 and 104 have m increased carrier mobility. 
[0020] A fourth embodiment of the present invention creates an MOS device 
having a grading effect. One example of an MOS device 1 10 having a grading effect is 
illustrated in Figure 12. In the same manner as that described above, voids 1 1 1 have been 
formed in the substrate 113. In this embodiment, however, the voids are formed solely 
below the source region 1 12 of the device 110. In this manner, the band structure at the 
source region 1 12 is placed under a tensile stress and the drain region 1 14 is placed under 
a compressive stress. Grading a transistor in this manner can create a device 110 that has 
greater drive current due to increased injection of carriers at the source end resulting from 
the band distortion induced by the voids. 

[0021] Another embodiment illustrated in Figures 13-16 shows an alternative 
method of using voids to create a tensile stress in an NMOS device. Figure 13 illustrates 
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an NMOS device 120 having a source 122, a gate 124, a drain 126, and a channel region 
128. The NMOS device 120 may be formed using conventional methods known in the 
art. After the NMOS device 120 is formed, a conventional photoresist mask 130 is 
applied to the device 120 such that only the gate region 124 is exposed (see Figure 14). 
Next, as shown in Figure 15, voids 132 are formed in the gate 124 (note that the gate 124 
may be either polysihcon or metal). 

[0022] As above, the substance to be implanted into the gate may be any one of or 
a combination of several different gases, including but not limited to the noble gases. 
Oxygen or other implanted ions may also be used in reactions to aher the internal regions 
of the gate by way of specific volume or thermal expansion differences (e.g., oxidized 
voids). In one embodiment, argon is the substance implanted into the gate 124 of the 
NMOS transistor 120. In one embodiment, the implmitation is performed at an energy of 
approximately 10 keV and a dosage of approximately 10^^ to 10^^ atoms/cm^ 
conmiensurate with an implant depth approximately half way down into the gate, or 
approximately 1000 A. The device 120 is then annealed for approximately 30 seconds at 
at least 400'' C. The implant and annealing process steps may be performed either before 
the gate is etched or after. If performed after, it may be necessary to protect the source 
122 and drain 126 regions with the mask 130 as shown. When the mask 130 is removed 
(see Figure 16), an NMOS device 134 under a tensile stress caused by the voids in the 
gate 124 is revealed and has an increased carrier mobility as compared to the NMOS 
device 120 of Figure 13. 

[0023] Each of the above embodiments has utilized implantations to modify the 

mechanical stresses acting on an MOS device. By modifying the stresses acting upon an 
MOS device, the present invention provides MOS devices having an increased carrier 
mobility. In this manner, the speed of MOS devices may be improved. 
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[0024] Other uses of implants in the substrate of an MOS transistor are also 
significantly advantageous. For example, one of the Hmiting factors in the scaling of 
transistors to smaller dimensions is the inability of the gate to fully control the channel 
region. As the source and drain junctions ^proach one another, the lines of force 
resulting from the potential applied to the drain terminate on the source junction, causing 
Drain-Induced Barrier Lowering (DIBL). This DIBL results in leakage current between 
the source and drain, and at short enough channel lengths, results in failure of the device. 
One approach to limiting this parasitic effect is in use of punch-through implants and 
Halo implants to control the amount the barrier is lowered between the source and drain. 
[0025] One use of the voids described above is to create a region between the 
source and drain that effectively inhibits the lines of force from the drain terminating at 
the source junction as shown in Figure 17. A large single void 142 may be formed m the 
channel region 144 below the gate 149 of an MOS transistor 140 to effectively reduce 
leakage current between the source 146 and the drain 148. An alternative embodiment 
achieves this same purpose of reducing leakage current through use of several smaller 
voids 152 formed at the outer edges of the channel region 154 below the gate 159 and 
near the source 156 and drain 158 regions, as shown in device 150 of Figure 18. In this 
manner, more competitive transistors may be designed since short channel effects will be 
reduced and, as a result, devices may be fabricated having a shorter channel length. 
[0026] Note that the voids 142 and 152 used to inhibit the lines of force from the 
drain terminating at the source junction are formed by the same process as that described 
above with respect to the voids used to increase mobility. In fact, the same voids can act 
•both as mobility enhancers and punch-through inhibitors. However, the placement of 
voids used as punch-through inhibitors in the substrate is more critical than voids used to 
mduce localized stress regions. Typically, the punch-through inhibitor voids are 
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implanted at approximately 1000 A into the substrate. The voids in the silicon act to 
reduce short channel effects (a very local effect). As the stress increases, the mobility of 
carriers further and further from the voids are affected, eventually reaching all the way up 
to the invasion layer. Thus, the punch-through inhibitor voids are generally closer to the 
channel than the mobility voids, and the mobility voids can be further away as long as the 
stresses are large enough to influence the mobility at the surface or channel region. 
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